This paper employs both the descriptive and comparative approaches and uses the Organisation for Economic Cooperation and Development's definition of Science and Technology (S&T) indicators (OECD, 1997) to discuss S&T development in Sudan. We find that the low level and the insufficient financial and human resources devoted to S&T development together with inadequate economic structures mean that Sudan lags behind the leading developing countries in terms of S&T input-output indicators.
INTRODUCTION
In recent years, a new economic system has evolved that is characterized by both globalization and the rise of information and communication technologies. This has driven the need for development in science and technology (S&T), which has become more than simply an element of economic growth and industrial competitiveness, but is now also essential for improving social development, the quality of life and the global environment. For instance, the high level of economic and social development in today's industrialized countries is largely the result of past intensive investment in S&T; similarly, newly industrialized countries are catching up because of their active development of S&T. Hence, within this context, the aim of this paper is to assess S&T development indicators within the poor countries, in particular, to assess S&T development indicators in Sudan and compare the status of Sudan with the rest of the world.
2 Given the recent progress of economic globalization coupled with the emergence of new nations active in S&T in different parts of the world, this paper extends the comparison to include these new countries as well as those in Europe, the United States and Japan, and then draws some policy implications and recommendations for ways to enhance S&T performance in the poor countries, like Sudan.
This study differs in several ways from the several studies in the literature, which provides an excellent and interesting analysis of S&T Indicators and performance in the Arab, developing countries and Sudan. First, different from the studies in the Sudanese and Arab literature (Nour, 2004; we provide a more indepth, comprehensive and up to date assessment of S&T input and output indicator by focusing only on Sudan as a case of poor Arab countries. Secondly, we extend our analysis to compare the case of Sudan with other Arab and African countries. Thirdly, different from the studies in the Sudanese literature we provide a more comprehensive analysis by including both S&T input and output indicators using more up-to-date data wherever possible. This is so we can help establish the information base necessary to stimulate S&T development and support new policies that aim to enhance S&T performance in the poor countries. This kind of study highlights recent efforts to create an active Sudanese S&T base but also emphasizes the need to improve the quality of resources devoted to S&T development, which will ultimately contribute to and accelerate development in the country. Furthermore, it also helps government to obtain the most positive impact possible from technological progress in terms of growth, employment and the well-being of all poor Sudanese citizens.
Finally, different from the studies in the Sudanese literature, a novel element in our analysis is that we use a new survey data based on primary data and 25 face-to face interviews with the officials policy makers and experts in the government and the academics university staff in the public and private universities to examine the main factors hindering and those contributing towards the promotion of R&D and hence S&T development in Sudan. The main purpose of this survey is to collect primary data to examine the causes of poor R&D activities and then to provide some recommendations to improve R&D and hence S&T indicators in Sudan.
The paper is organized in the following way: section 2 discusses the literature available, focusing on the definition and significance of S&T indicators. Section 3
shows the general socio-economic characteristics of the Sudan. Section 4 discusses S&T development indicators in the Sudan, including a comparison of the indicators for Sudan with the rest of the world. Finally section 5 draws conclusions and proposes policies to enhance S&T performance in the Sudan, based on the results of Sudan R&D survey and the experiences of other countries.
THE DEFINITION AND SIGNIFICANCE OF SCIENCE AND TECHNOLOGY INDICATORS
The S&T system is often defined as consisting of all the institutions and organizations essential to the education of scientific people, for example, research and development (R&D) institutions, professional societies and professional organizations linking individual scientists to each other and to their socio-economic environment. The theoretical and empirical literature identifies the important role that S&T plays in promoting economic growth and development in both developed and developing countries.
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More recent literature addresses the contribution to S&T performance of the 'national systems of innovation'; a widely used modern term that reflects the link between technical and institutional innovative development, including S&T (e.g.
Lundvall 1992; Nelson 1993). Lundvall says this broad definition includes "all parts
and aspects of the economic structure and the institutional set-up affecting learning as well as searching and exploring -the production system, the marketing system and the system of finance present themselves as subsystems in which learning takes place" (Lundvall 1992, 12-13) . In addition, Freeman and Soete argue:
"The many national interactions (whether public or private) between various institutions dealing with science and technology as well as with higher education, innovation and technology diffusion in the much broader sense, have become known as 'national systems of innovation'. A clear understanding of such national systemic interactions provides an essential bridge when moving from the micro-to the macroeconomics of innovation. It is also essential for comprehending fully the growth dynamics of science and technology and the particularly striking way in which such
growth dynamics appear to differ across countries", (Freeman and Soete 1997, 291) . There are also general demographic and human capital indicators, "such as the number of science and technology graduates and the number of scientists and engineers employed in R&D… [There are] four major points relating to human capital: demographic trends, the development of public spending on education, the performance of education systems and researchers and engineers active in R&D".
Furthermore, "Human resources in science and technology (HRST) are one of the key resources for economic growth, competitiveness and more general social, economic and environmental improvement", (OECD 1997, 5, 58, 59 ).
Output indicators, on the other hand, "can be classified according to three parameters: economic, technological and scientific. As to economic outputs, many economists view increases in productivity as a major result of technological investment… The percentage of high-tech exports in total export figures emerges as a potentially useful means of measurement… Clearly not all results are measurable in economic terms. Scientists and engineers often cite the 'learning experience' as one major benefit of engaging in R&D activities. To assess the accumulated knowledge of a given country, its stock of technical knowledge must be quantified. Without doubt, patents and patents applications are the most commonly applied indicator in this respect and, irrespective of the shortcomings implicit in this approach, they continue to represent a very useful tool". Finally there are direct research outputs or publications, "focusing on the impact of the publication output of a given country or zone and comparing it to the number of publications produced over a certain period of time" (OECD 1997, 79) .
We use these definitions and the summary in Box 1 to evaluate S&T performance in section 4. 
GENERAL SOCIO-ECONOMIC CHARACTERISTICS OF SUDAN
S&T performance is often closely related not only to the resources directly devoted to its development but also to the whole economic structure that supports it. Therefore, before assessing S&T performance in the Sudan it is useful to explain the general socio-economic characteristics of the Sudan. Table 1 shows the demographic structure and the major socio-economic characteristics for Sudan. One stylised fact on the case of Sudan is that Sudan is large by regional standards, but its economy is small in global terms. According to World Bank and United Nations classification and definition, Sudan is classified among Sub-Saharan African countries and amongst the poor and low income and highly indebted countries. For instance, the UNDP and the World Bank shows the low GDP per capita income in Sudan which is in excess of only least developing countries, but less than all other World regions.
Despite the high and increasing inflow of Foreign Direct Investment (FDI) to Sudan, but different from other World regions, Sudan suffered from the high increase in debt services both as percentage of GDP and as percentage of exports over the period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . That was most probably because like most African countries, Sudan's economy has relied heavily on a large influx of foreign aid from different sources;
Sudan is amongst the top ten recipients of gross Official Development Assistance during (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . As for the structure of the economy, since long, the structure of (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) Growth in Sudan (2003 Sudan ( -2007 based exports) affected the R&D infrastructure and the growth and development trajectory of Sudan economy. This may be particularly important in view of the fact that the production and export of oil has significant positive impacts on Sudan economy as it leads to impressive growth in GDP growth rate and structural change in the structure of Sudan economy, but unfortunately it is only un-sustained growth, mainly because of uncertainty and high fluctuation in oil price in the international market, for instance, the recent global financial and economic crisis lead to significant negative impact on Sudan economy due to high dependence on oil revenues and oil exports. But, since the comprehensive analysis of the positive-negative impacts of oil in Sudan economy needs detailed discussion and due to limitation on the size of this paper we leave that for a more in-depth analysis in our future research. Moreover, we are aware of the fact that it may be interesting to explain the impact of oil in R&D and S&T, but due to practical problems related to availability of adequate and reliable data, unfortunately it will not be possible to discuss this issue in this paper.
Furthermore, we believe that most probably the impacts of oil in R&D and S&T might be still very limited in view of the very recent start of production and exports of oil just before eleven years in 1999. Moreover, although oil leads to increase in public spending and increase in the share of development expenditure as a percentage of total public expenditure from 9% in 1999 to around 31% in 2004 but its share declined and sustained at 24% from the total public spending over the period [2006] [2007] [2008] [2009] . Furthermore, the development expenditures include all public spending in development issues including public spending on education, health, etc. Therefore, this implies that it is not at all clear and it is somewhat problematic to distinguish the share and growth of spending on R&D that mainly attributed to production and export of oil, but it is important to realize that at the macro level the share of spending on R&D as a percentage of GDP remained below 1% in the pre and post oil periods. In addition, also due to practical problems related to availability of adequate and reliable data unfortunately it will not be possible to give an in-depth analysis of the private spending on R&D or the impact of oil companies on R&D at the micro level. So, we hope to cover these issues in our future studies when adequate and reliable data are available. Hence, apart from the limited impact of oil the next section of this paper examines whether this economic background affects S&T performance in the Sudan.
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6 One limitation of the comparison in our analysis is that we use data and information from two different local and international sources; the scarcity of data and information covering all indicators limited our attempt to use a unified source. 
Governance of Science and Technology (S&T):
In the Sudan the history of S&T governance dates back to the 1970s, when the In terms of S&T planning and in view of the increasingly competitive global environment and rapid advance in technology and increasing importance of S&T in accelerating economic growth and development, previous comprehensive National Strategy (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and current National Quarter Century Strategy give long term perspective of S&T development in Sudan. The previous comprehensive National Strategy (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) provided comprehensive strategies for Science and technology (S&T) development through the preparation of a national plan for scientific research, development of information centres and scientific research as well as the establishment of a national information network, adoption and modification of the important technology system to suit national environment, development of capabilities to invent technology and the multiplication of technology utilization in Sudan. In light of the 25 year long-term strategy a five-year strategy was identified and implementation work plan is developed. The 5 year work plan is targeting 8 key areas including information, communications and technology; development of scientific research. The plan aims to promote S&T by promulgating the legislations, laws and regulations conductive to the enhancement of scientific research; recruiting personale with high abilities and competencies in the fields of scientific research; adopt innovative means to encourage the private sector to participate in scientific research, funding it and benefiting from it; utilizing the results of scientific research and modern technology in decision-making and sustainable development planning; developing and disseminating science and knowledge among the people; benefiting from the experience of others in scientific research and also contributing to the advancement of basic sciences.
7 Unfortunately, the implementation of these comprehensive strategies, however, was not fully carried out mainly due to the inadequate financial and human resources needed for S&T development as we explain below.
Human and Financial Input Indicators
In terms of both financial and human S&T input/resource indicators there are some differences between Sudan, the Arab, SSA countries as well as between them and other countries around the world. Table 2 shows that both financial and human S&T input indicators in Sudan lag behind the advanced and leading developing countries.
Financial Input Indicators
As for the financial resources in S&T, as in most other typically developing countries In Sudan the implementation of the comprehensive strategies in the field of S&T, was not fully carried out mainly due to the inadequate financial and human resources. The S&T indicators showed that S&T development was relatively low compared with the average for Arab countries. This was evident as the percentage expenditure in research to total government expenditure in 1998 for Sudan was only 0.04 percent compared with the average for seven Arabic countries, which was 1.2 percent. In terms of expenditure on both education and R&D as percentage of GDP Sudan performs less than Arab countries. In particular, Table 2 shows that the financial resources devoted to S&T, as measured by the percentage share of GDP spent on R&D are poor in the Sudan, and Arab countries compared to both advanced and leading developing countries like Singapore and Korea. For instance, in the period 1996-2000, the Sudan devoted only 0.1 compared to Arab countries that devoted an average of only 0.3% of their GDP to R&D whereas Sweden, one of the leading advanced industrial countries, spent 3.8% of GDP on R&D. Similarly, spending on education, as measured by percentage of both GDP and total government expenditure, for the Sudan was found to be less than Arab countries and the advanced countries. indicates that the public sector is responsible for the majority of R&D activities, accounting for 39.2% of all GERD-see Table 3 below. Next to public sector, the private sector contributes 33.7% of GERD; the universities make only a minor contribution, accounting for 27.1% of GERD. These findings for the case of Sudan seem consistent with the results in Nour (2004; which implies that in Sudan as in the Gulf and Mediterranean Arab countries the public sector is responsible for the majority of R&D activities and government seems to play a major role in R&D compared to higher education. Moreover, despite the fact that the contribution of the private sector (business enterprises) is near to one third and exceeds the contribution of higher education institutions in Sudan however, this should not hide the fact that business does not seem to play a major role in R&D compared to government. Our findings imply that Sudan is similar to Arab Mediterranean countries appear to be more dependent on the public sector than the Arab Gulf countries, reflecting a lack of incentives for private sector institutions to invest in R&D in the Sudan and Mediterranean compared to the Gulf. The minor contribution of the private sector to R&D activities and spending in Sudan and Arab countries compares poorly to most of the industrialized countries, where more than half of R&D expenditure is financed by industry (OECD 1997).
Further problem concerning research funding is that not only comparatively, Sudan's total Gross Domestic Expenditure on Research & Development (GERD) is rather fair at about 0.5% GDP, but also even though there has been a steady decline during the 1999 to 2005 period-see Table 3 below. This declining trend implies that the heavy reliance on the limited government and public funding is risky and resulted in poor S&T indicators and inadequate finance for R&D activities that appears form the low rates of both the actual received budget relative to approved budget and the approved budget to the proposed budget. For instance, for all institutions of the ministry of science and technology, although the rate of actual received budget relative to approved budget increased from near to 25.7% in 2003 to 74.7% in 2009 but the actual received budget relative to approved budget covers only 74.7% of the approved budget in 2009. Implementation of projects is most probably constrained by inadequate finance, for instance, over the period (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) the average rate of implementation for national ministries and northern states is 60%-see Table 4 below. 
Human Resources Input Indicators
The human capital for S&T includes human resources in higher education; Masters and doctoral enrolments and the size of the university workforce and research and development personnel. Table 2 shows that there is a low number of scientists and engineers in R&D in Sudan, Arab countries compared to both advanced and leading developing countries.
In the early 1990s, enrolment in both general education and higher education rapidly increased. For instance, during the period (1992-2000) the enrolment rates in both primary (basic) education and in higher Secondary education rapidly increased by 54% and 154% respectively. As for higher education, following the higher education revolution in the early 1990s, notably 1992/1993, the total number of Table 5 below. As for Masters and doctoral enrolments, generally, the number of people who participate in postgraduate studies in Sudan institutions is remarkable, see As for human resources for R&D in higher education and universities, many studies indicated a positive relation between science and technology achievements and the number of engineers and scientists. Despite the significant expansion of higher education and graduate training in the last two decades, the insufficiency of human resources still remain as a serious problem hindered the promotion of S&T and R&D in the Sudan. In particular, as for universities, despite the presence of 28 public universities and 57 private universities having capacity of more than 500.000 students, but universities produce much more graduates in social sciences than in engineering and science-see Table 5 above. Furthermore, many graduates lack skills of effectively use modern tools and equipments, not to mention developing them, the number of PhD and Masters degree graduates in engineering per year is very low, the overall ranking is low, and is continually slipping and consequently, the universities have weak research culture and capabilities.
9 According to the international standard, the number of engineers and scientists per 10.000 is often used as an international standard indicator of achievement of acceptable level of research and development.
For instance, the presence of less than ten engineers and scientists per10. the period (1999-2005) remained 49% and 20% respectively, see Table 6 below.
Moreover, the distribution of staff and human resources in some institutions units in the Ministry of Science and Technology over the period (2003) (2004) (2005) (2006) (2007) (2008) This implies that the majority of workforce is labour that constitutes about 60%, whereas, the share of both researchers and technicians together constitutes only 40% of the total workforce-see Table 7 below. UNESCO (1996) and UNESCO: www.unesco.org Notes: (1) data refer to the year 1991 (2) 1993 (3) 1995 (4) 1996 (5) 1998 (6) 1999 (7) 2000 (**) data refer to 1996
In addition, there are fewer human resources in S&T in Sudan, and both the Gulf and Mediterranean Arab countries compared to more developed countries, shown in Table   8 above. Sudan and Arab countries score poorly compared to Korea and Singapore for the Harbison Myers Index 12 , technical enrolment index, engineering enrolment index, gross enrolment ratio at tertiary education and the share of tertiary students in science, mathematics and engineering. 13 Hence, these findings imply the insufficiency of human resources necessary for the promotion of R&D and S&T in the Sudan.
Science and Technology Output Indicator and Impact
As we explained briefly in section 2, the literature distinguishes between S&T outputs, which can be measured in terms of publications and patents, and S&T impact, which can be measured in terms of economic growth. This section discusses S&T output as measured by the number of patent filings and scientific publications (in the international refereed literature) but discusses S&T impact as measured only by the share of high-technology manufacturing exports. Owing to limitations concerning data availability it is not possible to address the impact of technological development on economic/productivity growth in much detail.
We integrate the findings in section 3, concerning the general economic characteristics of the Sudan economy; with those of section 4.2 regarding S&T input indicators. Using a systematic approach we assess S&T performance in terms of inputs and the economic system as a whole. Our analysis aims to explain the connection between the S&T system, S&T profile and the economic or productive structure of Sudan. For example, Table 2 shows that for both patent numbers and the percentage of high-technology exports Sudan and Arab Gulf and Mediterranean countries are substantially lagging behind the advanced and leading developing countries.
In our view, which is backed up by general S&T literature, the weakness of the S&T base in the Sudan, Arab regions should be interpreted not only in terms of a lack of appropriate inputs but also in relation to a poor economic system as a whole.
Measuring the strength of the economic and welfare systems using income per capita implies that the Sudan shows low per capita income and also exhibits low S&T 12 According to Lall (1999) : "Harbison Myers Index is the sum of secondary enrolment and tertiary enrolment times five, both as a percentage of age group. Technical enrolment index is tertiary total enrolment (times 1000) plus tertiary enrolment in technical subjects (times 5000), both as a percentage of population. Engineering skills index is the same as the previous index, with tertiary enrolments in engineering instead of enrolment in technical subjects" (Lall, 1999: p.52) . 13 See also Muysken and Nour (2005) and UNDP-AHDR (2003).
activity; this seems consistent with the idea that strong S&T is necessary for economic growth and development. Prior to the heavy dependence on oil, the Sudan' story is simpler: poor economic structure in combination with inadequate resources devoted to S&T development leads to poor S&T performance compared to advanced and developing world countries. Of course, the Sudan is now hugely dependent on oil, giving the impression that there are other ways to become rich than investing in S&T.
The big question is whether the Sudan will stay rich once its oil reserves expire; despite its growing wealth from oil it still lack well-defined, targeted plans and policies and proper incentives to promote S&T performance. The Sudan need to benefit from the experience of other countries, for instance, in other Arab countries, for while the Gulf countries perform better than the Mediterranean countries in economic terms they lag behind in measurements of S&T performance. Therefore, the big wealth from oil, far from contributing to the improvement of S&T performance in the Gulf may actually hinder it as it masks the need to develop incentives and effective policies to enhance S&T development.
Scientific Publications 14
As for research output and scientific publications, as output indicator the number of scientific publications depends on input financial and human resources devoted to S&T. The international standard rate is 70-80 researchers for every 10,000 people, currently in Sudan the rate is 0.2. This reflected negatively on the number of publications per researcher per year which is 0.03 in average compared to the international rate of 2 papers for each researcher.
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In terms of research outputs and publications, according to the Institute for Scientific
Research, Sudan has relatively produced quite a number of publications between the years 1994 -2004, even though the numbers are very low for a country with so many tertiary and research institutions. The publications of selected research institutes involved in R&D as cited by ISI gives the impression that Sudan has a strong inclination towards health related research, followed by agriculture research, and to some extent nuclear related research. [2003] [2004] [2005] [2006] [2007] . This implies the problem of knowledge gaps even between Sudan and some African countries. Zahlan (1999b) . 17 Nour (2004 Nour ( , 2005a  c) find that the poor application to patent can be attributed to the low percentage share of spending on R&D to GDP and the number of scientists and engineers in R&D in the Arab countries compared to advanced and developing countries like Singapore, Korea and China. The low patenting applications imply the low innovative activities across the Arab countries compared to both advanced and leading developing countries like Singapore, Korea and China. In addition, In 2002 the highest numbers of patent applications were filed by non residents in Sudan; followed by Morocco; United Arab Emirates; Algeria; Oman and Tunisia. The low number of patent application from residents than those of the non-residents of Sudan and all Arab countries is consistent with the findings in the literature, which indicate that in developing countries, however, patent applications made and patents held by residents of developing countries (domestic applications or patents) are few.
Patents are overwhelmingly foreign residents owned. In most developing countries, domestic applications accounted only for 1% to 8% of total applications. Thus, the role of the patent system is less visible to domestic users of the patent system in developing countries. The reason for the low level of patenting in developing countries by their nationals and residents can be explained by a number of grounds, including non-use of the system by universities and local research institutions. 18 The low number of patents filed by residents of the Sudan and Arab countries can be related to low S&T activity in the country. The low number of patents recorded by non-residents, however, needs a different interpretation. It is partially because there is a lack of adequate patent legislation, but more importantly it is also due to lack of an economic structure within which to take advantage of patents. Foreign companies will only register a patent in a country if they fear that a local competitor might exploit their technology without paying for it. Therefore the low number of patents filed by non-residents in the Sudan implies that the Sudan lacks industries that are internationally competitive, which can also be interpreted in terms of there being a poor economic structure. Moreover, Table 11 shows that Sudan and African countries together have filed far fewer patents than South Africa, the highest numbers of patent applications were made by South Africa; it is followed by Zimbabwe; Mali; Tunisia;
Tanzania; Sudan and Libya. According to USPTO report, Sudan produced only seven patents in about 40 years with no patents at all in the period 1992 -1995 and this puts it much lower than most African countries in terms of patents-see Table 11 below. (pre 1995-2005) Pre 1995 The low numbers of patents is probably because Sudan has insufficient science and technology infrastructure. For instance, Figure 6 indicates the growth in the number of both filling and granting of patents over the period 
Share of High Technology Manufacturing Exports
When comparing the average share of exports of high-technology goods manufactured, our findings in 
Productivity Growth
In terms of S&T impact as measured by economic growth, Table 12 whereas the rate of Sudan is higher than the average for developing countries. Sudan is experienced rapid economic growth followed by slight slow down, that most probably due to its heavy dependence on oil. We measure the demand for and supply of technologies in Sudan using the measurement of demand for and supply of technologies in the Gulf countries discussed in Muysken and Nour (2005) . Our results show that on the demand side when using the share of chemicals, manufactured goods, machinery and equipment, transport equipment, petroleum products in total imports as a measure of the demand for imported technology or dependence on foreign technologies, we find heavy dependence on imported technology or dependence on foreign technologies in Sudan.
It may be interesting to complement our analysis by also examining the supply side.
We measure the supply side by multiplying the manufactures/GDP ratio taken from the Central Bank of Sudan Annual Reports Issues (2000 Issues ( -2002 , by value added in machinery and transport equipment as % of value added in total manufactures using WDI (2010) Table 14 below. 1993  47  62  84  1994  49  56  76  1995  52  62  78  1996  51  60  80  1997  48  59  77  1998  57  67  80  1999  50  60  73  2000  54  64  71  30  2001  54  67  73  8  2002  57  67  72  2003  58  72  78  2004  59  77  80  2005  61  78  83  2006  61  80  85  2007  65  82  85  2008  61  73  80  2009  62  74  77  2010  56  67  71  1992-2010 55  68  78 19 Note (1) the share of chemicals, manufactured goods, machinery and equipment in total imports (2) the share of chemicals, manufactured goods, machinery and equipment, transport equipment in total imports (3) the share of chemicals, manufactured goods, machinery and equipment, transport equipment, petroleum products in total imports (4) The supply side refers to technological specialization and is measured by the share of value added in machinery and transport equipment/GDP Source: Rasiah (2002) defines basic technology infrastructure (BTI) as weighted proxies representing basic education (enrolment in primary schools), health (physicians per thousand people) and communications (main telephone lines per thousand people), and defines high technology infrastructure (HTI) as weighted proxies representing R&D investment and R&D scientists and engineers per million people. Rasiah also argues that BTI is an essential but not sufficient condition for economies to achieve advanced technological capacity; the incidence of economies generating innovation is higher when they also have the hightechnology support institutions. The lower the BTI, the lower the capacity and resources for high technology development.
experts. However, from the perspective of the private universities, the contribution of R&D is still susceptible, especially with regards to the role of R&D in the development of local technologies; by contrast the views of the public universities, official and experts seem to be somewhat optimistic regarding the role of R&D-see Table 15 below.
Regarding the main problems hampering the important contribution of R&D in satisfying the needs for economic development, development of local technologies and adaptation to imported foreign technologies, the majority of the respondents indicate the lack of finance to cover the high costs of R&D as the main problem. 26 Moreover, the lack of human resources (researchers and qualified worker in R&D fields) is also mentioned but of somewhat less importance.
27 When comparing the points of views of the different respondents we find that the views of the private universities; public universities and official and experts seem to be consistent and in agreement with regards to the serious problem of the lack of finance in hampering R&D, from the perspective of both private universities and officials and experts, the importance of the lack of finance in hampering R&D for adaptation to imported foreign technologies is viewed with high importance compared to public universities.
However, from the perspective of the private universities, the importance of the lack of human resources seems to be somewhat less important as compared to the opinions of both the public universities and official and experts-see Table 16 below. 26 As indicated by 100%, 100% and 92% of the respondents respectively. 27 As indicated by 88%, 84%, and 88% of the respondents respectively.
As for the main problem hindering R&D the majority of the respondents indicate the lack of finance from public sector and the weak relationship, network and consistency and cooperation between universities and higher education institutions on the one side and the productive sector (agriculture, industry, services) on the other side. 28 This is followed by the other problems such as the lack of finance from private sector; lack of management and organization ability and lack of coordination and the lack of R&D culture. 29 Finally the less important factors include the lack of favorable conditions and the necessary facilities; the lack of awareness and appreciation of the economic values of R&D and the lack of human resources (researchers and qualified worker in R&D fields). 30 When comparing the points of views of the different respondents we find that from the perspective of the public universities the lack of favorable conditions and the necessary facilities; the lack of awareness and appreciation of the economic values of R&D; lack of management and organization ability and the lack of coordination and the lack of R&D culture seems to be the less important problems, while from the perspective of the official and experts the less important problems are the lack of finance from private sector and the lack of human resources (researchers and qualified worker in R&D fields). Finally, from the perspective of the private universities the less important problems are the lack of favorable conditions and the necessary facilities; the lack of awareness and appreciation of the economic values of R&D and the lack of human resources (researchers and qualified worker in R&D fields) respectively-see Table 17 below. As for the main suggestions and solutions to improve R&D, the majority of the respondents indicate the availability of sufficient finance from public sector; availability of sufficient finance from private sector; offering incentives and 28 As indicated by 100 of the respondents. 29 As indicated by 96% the respondents. 30 As indicated by 92%, 92% and 88% of the respondents respectively. motivation and making availability of sufficient human resources (researchers and qualified worker in R&D fields); improvement of management and organization ability and coordination; improvement and strengthen the relationship, network and consistency and cooperation between universities and higher education institutions on the one side and the productive sector (agriculture, industry, services) on the other side and improvement of awareness and appreciation of the economic values of R&D.
31 This is followed by other solutions such as the creation of more favorable conditions and offering all the necessary facilities and improvement of R&D culture.
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When comparing the points of views of the different respondents we find that the views of the private universities; public universities and official and experts seem to be consistent and in agreement with regards to the suggestions and solutions for improvement of R&D. However, different from the opinions of both the private universities and official and experts, from the perspective of the public universities, the suggestions with regards to the creation of more favorable conditions and offering all the necessary facilities and the improvement of R&D culture seems to be less important compared to other suggestions-see Table 18 below. 
CONCLUSIONS
This paper shows the status of S&T indicators in the Sudan. It is clear that Sudan lags behind the world's developed and leading developing countries in terms of the same input and output indicators. The combination of poor S&T inputs/resources together with an inadequate economic system as a whole results in the Sudan producing poor S&T outputs/performances. Moreover, we find that most R&D and S&T activities and FTR employment in Sudan occur within the public and university sectors, while the private sector and industry make only a minor contribution. 31 As indicated by 100 of the respondents. 32 As indicated by 96% the respondents.
When comparing S&T input and output indicators of the Sudan with those of the Arab, Africa and developing countries, our findings indicate that Sudan lags behind in terms of most S&T input indicators (both financial and human resources).
That also holds for the average share of high-technology exports, GDP per capita growth, number of scientific publications, level of share in international publication and number of patent filings.
Our findings indicate that despite the important role of R&D in satisfying the needs for economic development, development of local technologies and adaptation to imported foreign technologies. However, the contribution of R&D seems to be constrained mainly by the lack of finance to cover the high costs of R&D as the main problem, moreover, the lack of human resources (researchers and qualified worker in R&D fields) is also mentioned but of somewhat less importance. We find that the main problem hindering R&D includes the lack of finance from public sector; lack of management and organization ability; lack of coordination and weak relationship, network and consistency and cooperation between universities and higher education institutions on the one side and the productive sector (agriculture, industry, services) on the other side, lack of R&D culture, lack of finance from private sector, lack of favorable conditions and the necessary facilities; lack of awareness and appreciation of the economic values of R&D, lack of human resources (researchers and qualified worker in R&D fields) respectively.
Our results show that the main suggestions to improve R&D includes availability of sufficient finance from public sector; availability of sufficient finance from private sector; offering incentives and motivation and making availability of sufficient human resources (researchers and qualified worker in R&D fields); improvement of management and organization ability and coordination; improvement and strengthen the relationship, network and consistency and cooperation between universities and higher education institutions on the one side and the productive sector (agriculture, industry, services) on the other side and improvement of awareness and appreciation of the economic values of R&D. This is followed by the creation of more favorable conditions and offering all the necessary facilities and improvement of R&D culture.
Hence, our analysis indicates that in order to improve S&T performance, Sudan need to invest heavily in both financial and human resources as well as to learn from the lessons of the advanced and developing S&T nations. Such investment can be more effective if they are made according to targeted, well-defined plans that connect with policies covering industry, science and technology and accompanied by an improvement in the economic system, there thus a need to adopt new policies for partnership with the private sector. Sudan needs to form a body to formulate a policy on man power resources for S&T, and suggest measures to minimize brain-drain impacts. Sudan, need to continue building relatively well-developed S&T infrastructure, mainly, sufficient number of highly qualified university and R&D personnel to put the country in a good position in terms of globally competing in S&T.
So far Sudan does not possess all the human and financial resources necessary to promote S&T. However, Sudan could have a wider range of capabilities to promote S&T if it pooled and integrated its resources. Restructuring the economic system, encouraging the private sector and implementing effective S&T cooperation and integration with other Arab and Africa countries will most likely enhance S&T development and hence long-term harmonious development in the Sudan.
